Background: The aim of this study was to determine the effect of health education in changing nutritional, lifestyle, and cognitive function of elderly individuals with mild cognitive impairment (MCI). Methods: Thirty-five elderly individuals with MCI (mean age 65.7 AE 3.8 years, 45.7% men) were randomly assigned to intervention (n ¼ 17) and control (n ¼ 18) groups. The intervention group participated in monthly sessions on nutrition and lifestyle education for 12 months, based on a booklet ('7 Guides to Enhance Elderly Memory'). Outcomes (cognitive performance, biomarkers, dietary intake, and knowledge, attitude and practice, knowledge, attitude, and practice score) were measured at 6 and 12 months. Conclusion: A 12-month educational intervention on nutritional, lifestyle, and cognitive exercise significantly improved nutritional status, knowledge, and attitude score. The study lacked power to demonstrate a statistically significant positive effect on cognitive functioning; thus, the preliminary findings should be confirmed in a larger trial.
Introduction
Mild cognitive impairment (MCI) is defined as a transitional phase between normal aging and dementia, characterized by cognitive decline in performing normal activities of daily living 1 .
Older persons with MCI represent a target population that is at risk of developing Alzheimer disease (AD) 2 . Elderly persons with MCI have a 10e15% risk of developing AD compared to 1e2% among cognitively normal elderly persons 2 . Previous studies have strongly suggested that MCI is reversible and the modification of risk factors may potentially slow cognitive decline, thus preventing onset of dementia 2 . These modifiable factors generally include nutritional, lifestyle, and behavioral training as well as cognitive training 3e5 .
Health education aimed at changing nutrition and lifestyle behavior is widely recommended for most chronic diseases and degenerative conditions, particularly as a secondary prevention strategy to prevent the progression of disease in elderly persons. The benefits of nutrition and lifestyle education in the elderly include the ability to contribute to better health, productivity, selfsufficiency, quality of life, and life expectancy 6, 7 and is well documented in several studies 7, 9 . Single targeted nutrient and lifestyle intervention showed improvement in cognitive scores, as documented in several intervention studies; for example, positive q Conflicts of interest: None.
effects were observed with administration of omega-3 fatty acid 10 , folic acid supplementation 11 , physical activity 12 , and cognitive training 13 , and also antioxidants 14 in individuals with mild AD, adults at risk for AD, or those with MCI. However, studies that address the benefits of nutrition and lifestyle education among the elderly with MCI are lacking. Published studies that have described efforts to improve cognitive function and delay cognitive decline have focused on specific food and nutrient supplementation and lifestyle interventions including antioxidants 14 , fish oil 10, 15 , physical activity intervention 12 , and cognitive training 16 .
Nutritional biomarkers are biological specimens that indicate nutritional status with respect to intake or metabolism of dietary constituents 17 . A single biomarker may be reflective of several nutrients' interaction and metabolism. In this study, serum B 12 , red cell folate, and serum homocysteine levels are selected as the indicators. Several studies have shown that impaired B 12 and folate levels in blood are common in neurodegenerative diseases such as dementia 18e20 . These vitamins act as the coenzyme and play roles in homocysteine metabolism;, therefore, homocysteine level is a sensitive marker for low status of both vitamins 21 . There is also evidence that the presence of circulating homocysteine concentrations is a modifiable risk factor for cognitive decline 18 . The current preliminary study was conducted to evaluate the feasibility and efficacy of nutrition and lifestyle education in improving cognitive ability among urban elderly individuals with MCI in Kuala Lumpur (Cheras), Malaysia.
Methodology

Study design, sampling, and data collection
This is a preliminary study to determine the feasibility and effectiveness of nutrition and lifestyle education of 12 months duration among 35 elderly individuals with MCI. Study participants were recruited from a low-cost housing area in an urban area of Malaysia (Cheras, Kuala Lumpur). Participants with MCI were screened using Petersen (2004) criteria 22 . Inclusion criteria were age 60e74 years old with no known terminal illness or mental disturbance and the ability to read and write. Patients who received vitamin, mineral, or fish oil supplementation for the previous 3 months, consumed alcohol, or had concomitant serious disease such as uncontrolled diabetes or kidney failure were excluded. Patients were not allowed to consume any other vitamin, mineral, or fish oil supplementation throughout the intervention period. All patients were assessed regarding food intake, knowledge, attitude, and practice (KAP) scores, biomarkers, and cognitive status at baseline, 6 months, and 12 months. Ethical approval was obtained from Universiti Kebangsaan Malaysia Medical Center (UKMMC) Ethics Committee. Informed consent was obtained from all patients.
Intervention implementation
Participants were randomized to interventional and control groups. Patients in the active interventional group received monthly nutrition and lifestyle education sessions based on a booklet entitled '7 Guides to Enhance Elderly Memory'. The booklet was developed by a panel of experts based on the recent recommendations and evidences for optimal cognitive function in elderly individuals as reported earlier 23 . The seven guidelines are: eat more fish, eat more foods rich in folic acid, eat more fruits and vegetables, exercise regularly, engage in activities to stimulate memory, stop smoking and consumption of alcohol, and maintain a cheerful and positive attitude. Each subject received the booklet during the first session, including the allocation of scheduled time for education sessions during 12 months of intervention. During the first session, the researcher explained the booklet to participants 24 . The intervention activities based on the booklet content consisted of group activities on healthy dietary instruction that emphasized consumption of fish, vegetables, and fruit, diet counseling, a food quiz, demonstration of healthy food preparation, aerobic exercise, a crossword puzzle, and board games. Advice regarding the intervention activities was provided during monthly group meetings as suggested by Rana et al 25 .
Because this study is part of a larger study investigating the efficacy of fish oil supplementation on elderly individuals with MCI, the control group received 12 months of supplementation with isocaloric placebo capsule containing 1000 mg corn oil to be taken three times daily. In this education intervention study, the same control group (placebo) was used because of the small sample size.
Measures
The outcome measures included in this study were cognitive status, food intake, KAP scores, and biomarkers. Specific assessment on the improvement according to each guideline tabulated in the booklet was not assessed. Compliance toward advice given was monitored monthly through individual and group counseling sessions. 29 , and Clock Drawing Test (CDT) 30 . The Malay version MMSE was used in this study, and has been validated among the local elderly population 31 .
Biomarkers
Nutritional biomarkers including serum B 12 level, red cell folate, and serum homocysteine were measured. Blood samples were centrifuged at 3000 rpm for 10 minutes immediately after collection. Serum B 12 level, red cell folate, and serum homocysteine levels were determined using competitive immunoassay using direct chemiluminescent technology method (Advia Centaur, Siemens Healthcare Diagnostics, Germany).
Food intake
Dietary intake was assessed by face-to-face interview using a diet history questionnaire (DHQ) 32 , with conversion tables between the weight for each food item consumed and household serving size. FoodWorks (www.xyris.com.au) software was used to obtain basic energy and nutrient intake.
Knowledge, attitude, and practice
The score for nutritional knowledge, attitude and practice was obtained using a questionnaire developed by the research group comprising dietician, nutritionist, physician, and geriatrician. The questionnaire was based on information in the literature on healthy eating, lifestyle, and cognition in elderly individuals. It was pretested on a convenient sample of 20 elderly patients drawn from the local community from whom the participants in this study were recruited and showed good internal consistency (Cronbach a ¼ 0.918). There were 37 questions for knowledge, with a dichotous response scale ("yes", "no" or "don't know") and also multiple choice questions; 12 attitude and 15 practice questions with a 5-point Likert scale (strongly disagree to strongly agree) 33 .
Data collection
Face-to-face questionnaire interviews and cognitive testing were performed by trained research assistants. All measurements were carried out in the Clinical Trial Ward, Universiti Kebangsaan Malaysia Medical Center (UKMMC).
Statistical analysis
Descriptive and chi-square analyses were performed on categorical data. Independent Student t-test, Mann-Whitney U test, repeated-measures analysis of variance (ANOVA), and repeatedmeasures analysis of covariance (ANCOVA) were used to evaluate the effects of the education and control interventions on biomarker, food intake, KAP, and cognitive performance over 12 months. All analyses were performed using statistical analysis for Social Sciences (SPSS) software version 18.0 (SPSS Inc.).
Results
Sociodemographic characteristics
As shown in Table 1 , the age of the patients ranged from 60 to 72 years; the mean age was 64.7 AE 3.8 years. Both groups were comparable with respect to mean age, marital status, education status, and household income. However, a higher percentage of men, Malays, and individuals who participated regularly in social activities (p < 0.05 for all parameters) were found in the intervention group. Accordingly, these variables were used as covariates in repeated-measures ANCOVA.
Biomarkers
Repeated-measures ANOVA showed that the intervention group had significantly increased serum B 12 and decreased homocysteine levels ( Table 2 ). The intervention group showed a greater increase in serum B 12 level (þ12.8%) as compared to the control group (þ3.3%). Serum homocysteine showed a greater decrease in the intervention group (À34.6%) compared to the control group (À21.1%). Red cell folate showed substantial percentage increases in both groups (p < 0.05, hp 2 ¼ 0.125), higher in the control group (þ23.5%) compared to the intervention group (þ18.9%); however, the difference in change of red cell folate was not significant.
Food intake
Analysis of food intake revealed few significant changes except for vitamin C, sodium, and potassium intake. The intervention group showed improved vitamin C, sodium, and potassium intake ( Table 2 ). Sodium intake showed marked reductions in both groups, À63.4% in the intervention group and À59.9% in the control group at the 12th month. Potassium intake also decreased in both groups at the 12th month, but was less in the intervention group (À18.1%) than in the control group (À28.5%). Intake of vitamin C at the 12th month showed much less decrease in the intervention group (À2.9%), compared to the control group (À20.3%).
Knowledge, attitude, and practice
Over the 12 months, the intervention group showed more favorable changes in scores on knowledge and attitude compared to the control group (Table 2) , increasing þ48.7% compared to þ0.2% in the control group for knowledge scores at the 12th month, and decreasing by only À3.8% compared to À19.3% in the control group for attitude score at the 12th month. However, there were no significant differences in practice scores.
Cognitive status
There were no significant interaction effects in all neuropsychological tests using repeated-measures ANCOVA (Table 3) and also no significant differences in mean neuropsychological test score at the 12th month in both intervention and control groups, (Table 4) . However, the intervention group showed a marginally significant improvement over 12 months (as shown by mean change scores, 12th month minus baseline score) in block design score (mean difference 6.1 AE 7.4) compared to the control group (mean difference 0.1 AE 10.0) (p ¼ 0.050) ( Table 4 ). Further analysis using the Mann-Whitney U test comparing percentage changes in neuropsychological test scores (12th month minus baseline expressed as percentage of baseline) showed a significant difference in block design percentage change score (p < 0.050), showing that the intervention group (þ53.7%) had a higher improvement percentage compared to the control group (þ8.0%) (Fig. 1) .
Because of the change in block design score, additional analysis was used to test the effect of social engagement on this variable. Analysis using repeated-measures ANOVA showed that there was an interaction effect between social engagement status and block design test score (hp 2 ¼ 0.149; p ¼ 0.005). The percentage of change in block design score was higher among patients who engaged in social activity (28.7%) than those who did not (À20.4%).
Discussion
To the best of our knowledge, this is the first intervention trial of a multifaceted nutrition and lifestyle education for elderly persons A study on cognition by Small et al 41 found that a short-term healthy lifestyle program (i.e., 14 days) was associated with significant effects on cognition and brain metabolism. However, the study did not involve elderly individuals with MCI. The 17 patients with a mean age of 53 years had no dementia, mild self-reported memory complaints, and a normal baseline memory performance score. The cognitive measures include self-assessment of memory ability, objective tests of cognitive performance, and determination of regional cerebral metabolism during mental rest. With regard to small sample size, the study found significant improvement in intervention group using the Wilcoxon signed-rank test. Meanwhile, our study fails to demonstrate a positive effect of educational interventions for neuropsychological test performance using repeated-measures analysis. However, comparing the mean using the Mann-Whitney U test, we found that the improvement of block design test of visuospatial construction is significantly higher in the intervention group. The block design test is a subtest of the Wechsler Adult Intelligent Scale 27 that is regarded as a measurement of visuospatial constructional ability and is a good predictor of everyday spatial measures 42 . Improved levels of nutritional biomarkers, namely serum B 12 , folate, and homocysteine levels, were observed in all participants (both interventional and control groups) in the study, and only the increase in B 12 and homocysteine levels appeared to be substantially greater in the interventional group. This finding supports the effect of educational intervention in increasing the intake of at least certain food items that are rich in these vitamins. This may also suggest that the improvement in block design test performance associated with the active intervention could be attributed to increased B 12 intake and absorption. We performed a correlation analysis (Table 5 ) of the changes in these nutritional and cognitive parameters and observed a positive correlation between folate and most cognitive tests, although this finding was not significant. However, serum B 12 level only shows a positive correlation in four of 10 cognitive tests. The increased intake of this related vitamin may as well alter homocysteine level among the subjects and suggests improvement in cognitive tests score 43, 44 .
The most significant positive dietary change was reduced sodium intake, although this as well as the other dietary changes observed in this study cannot be expected to produce cognitive effects over 1 year. Sodium intake influences blood pressure and risk of hypertension 45 , but this pertains to only midlife exposure and late-life dementia 46, 47 . However, in this study, intake of potassium in both the intervention and control groups was observed to show a reducing trend over 1 year. Intake of potassium should be increased in order to improve blood pressure 48 . The significant change in vitamin C intake persists because patients in the control group had reduced their intake whereas patients in the intervention group maintained this vitamin intake. The maintenance of vitamin C levels in the intervention group suggests that the education intervention had a significant effect in educating elderly patients to continue to adopt a healthy diet. In general, both groups showed reducing trend over a 12-month intervention period in all dietary parameters. Detailed examination of changes of biomarkers, namely serum B 12 , red cell folate, and homocysteine, suggest that intake of these vitamins were improved, thus they were seen in the blood. Nevertheless, the study is limited to unavailability of dietary folate intake data because of limited data on this nutrient in the Malaysian Food Composition Database 49 . In addition, this also suggested that data for dietary intake were underreported. A reason for such discrepancies is that self-reported dietary assessment is often associated with measurement error that leads to distortion of relative risk estimates 50, 51 . However, most biomarker studies rely on measures from a single biological specimen. These measures are assumed to be representative of a person's usual nutritional intake, presuming low within-subject variation 52 . Thus, biomarker is regarded as a more useful tool in determining efficacy in a nutrition and lifestyle education program. It is also possible that the changes in neuropsychological test performance observed in this study may be attributed to the 'program' effect itself. Because the classroom sessions were conducted in groups and involved group activities, social activity and participation may contribute to improving cognitive ability. As in this study, analysis using repeated-measures ANOVA found an interaction effect between social engagement status and cognitive test, namely the block design test. There is evidence that the beneficial effects of group activity intervention from studies in which intervention conducted through group activities have produced a positive influence on cognitive function 53, 54 .
The current study showed improved knowledge score among patients in the intervention group. This result is in agreement with reported studies of nutritional education in elderly patient groups 55e57 . Sahyoun et al 58 observed that improvement in knowledge score is the most frequently reported efficacy of educational intervention. Nutrition and lifestyle education are clearly necessary in helping elderly patients understand the latest health information and apply it to their situation 59 . Furthermore, significant changes in attitude were also observed in the intervention group in this study. Sachdeva et al 56 reported similar
findings, together they demonstrate the feasibility of educational interventions in late-life elderly patients to change their attitude about healthy choices. However, there were no significant changes in practice score, although a study by Outram et al 60 otherwise has reported positive changes in behavior.
The control group appeared to show similar favorable responses in biomarkers and cognitive score changes. The nature of the control group, supplemented with placebo capsules containing corn oil that contains a-linolenic acid (ALA), which has anti-inflammatory effects, may possess a positive effect on outcome variables 61e63 . Another possible reason is that the patients were not blinded. It was possible that cross-contamination may dilute the effect estimate and bias the results.
The current study fails to show significant results in neuropsychological performance, except for the block design. Because of small sample size, most results tend to show positive but small effect size (hp 2 value) in favor of the active intervention. There are a number of possible reasons. The study selected elderly patients who were healthy, not malnourished. The nutritional education emphasized increased intake of foods that are rich in omega-3 polyunsaturated fatty acids, folate, and antioxidants. Adherence to these nutritional recommendations involves higher costs, and was challenging for patients of moderate to low income in the study. The interventional components such as physical exercise and cognitive stimulation sessions were carried out once a month, and although of adequately long duration lacked the intensity required to produce an effect on cognitive outcomes. The interventional approach involved the simultaneous application of multiple components naturally lacking specificity in attributing effects. Although there is great value in developing interventional programs based on such a broad-based holistic approach, designing a program with precise description of specific nutritional, lifestyle, and behavioural components is challenging 1 when it is necessary to focus on many components simultaneously. The disadvantage is that it would be difficult to attribute any or a number of observed cognitive effects to specific interventional components.
Conclusion
This preliminary study indicates the feasibility of nutritional and lifestyle education for elderly individuals with MCI to improve nutritional and cognitive outcomes while providing some limited evidence of efficacy. Future trials should involve large samples of elderly participants with specific risk factors and interventional modalities of high intensity and adequate duration. 
